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EXPERTMENTAL AND CALCULATED CHARACTERISTICS OF SEVERAL
NACA 44-SERIES WINGS WITH ASPECT RATIOS OF 8, 10,
AND 12 AND TAPER RATIOS OF 2.5 AND 3.5

By Robert H. Neely, Thomas V. Bollech,
Gertrude C. Westrick, and Robert R. Graham

SUMMARY

The aerodynamlic characteristics of seven unswept tapered wings
were determined by calculation from two-dimensional data and by wind-
tunnel tests in order to demonstrate the accuracy of the calculatloms
and to show some of the effects of aspect ratio, taper ratio, and
root thickness-chord raetic. The characteristics were calculated by
the usual application of the lifting-line theory which assumes linear
section 1lift curves and also by an application of the theory which
allows the use of nonlinear lift curves. A correction tc the lift
for the effect of chord was made by using the Jones edge-velocltiy
factor. The wings had aspect ratios of 8, 10, and 12, taper ratios
of 2.5 and 3.5, and NACA Lkh-series eirfoils. For six of the wings
the ratio of span to root thickness was held constant at 35 so that
the root thickness-chord ratio increased with increasing aspect ratio.
The serodynamic characteristics of the wings with and without leading-
edge roughness are presented for small values of Mach number and

. values of Reynolds number between 1.5 X lO6 and 7.0 X 106

Reasonsble agreement was obtained betwesn the wing force and
moment characterietics calculated by the two methois and those '
obtalned experimentally; however, the method of calculation which
allowed the use of nonlinear 1lift curves gave better agreement at high
angles of ettack. The two methods of calculation gave different
spanwise lift distributions at maximm lift. Comparisons made at
equal values of Reynolds number indicate that the values of the maximum

lift-drag ratio sLZD!max of ‘the smooth wings incyessed wlth increasing
é;EﬂsILIaiiQ‘thrOughcut the range investigated in spite of the

increesed drag of the thicker root sections associated with the higher
aspect ratios. The values of (L/D)p.y for the wings of taper ratic 3.5

with leading-edge roughness indicated the mame trend; however, the
values for the wings of taper ratic 2.5 with leading-edge roughnesa
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ghowed no geln when the aspect ratio was increased from 10 to 12,
epparently because of the larger increment of profile drag due to
roughness on the thicker root sections of the wing of aspect

ratio 12. The decrement in (L/D)max due to roughness was considerably

larger than the increment due to changling the aspect ratlo.

The maximum 11ft coefficlents decreased with increasing aspect ratio,
mainly because of the associated increase in root thickness-chord
ratlio. '

INTRODUCTION

. Elementeary asrodynamic considerations indicate that wings of
high espect ratio are essentisl for efficlent long-range airplenes.
Structural considerations for such wings favor relatively thick root
sectlons and high taper ratios. Sectiona with large thickness-chord
ratios have high profile dregs, and high taper ratios usually result
in Impalred stalling characteristics. The aerodynamic advanteges
of high aspect ratlo are thus partly offset by a deslign necessary
to satisfy the structural requirements. Although the main asro-
dynamic effecte of the design variables are readlly calculated by
lifting-line theory from section characteristics, considerable doubte
have at times been expressed as to the absolute asccuracy of the theory
for determining an optimum combinetion of aspect ratlo, taper ratio,
and root thickness-chord ratio.

An investigation has accordingly been made in order (1) to
demonstrate the correlation of wing characteristics obtained by
calculation and by wind-tunnel tests and (2) to show some of the
effects of aspect ratio, taper ratio, and root thickness-chord retio
on serodynemic characteristics. Seven unswept wings having NACA UYh-series
sections, aspect ratios of 8, 10, and 12, end taper ratios of 2.5
and 3.5 were studied. For six of the wings, the ratio of span to root
thickness was held constant at 35 so that the root thickness-chord
ratio increased with increesing aspect ratio and decreessed with
increasing taper ratio. The seventh wing combined the lowest aspect
ratlo and taper ratio with the highest root thickness~-chord ratio of the
other wings. The wing characteristics were calculated by an application
of the 1lifting-line theory which allows the use of the nonlinear section
11ft curves as well as by the usual application of the theory which
essumes lineer 1lift curves.

-

SYMBOLS

Cy, 1ift coefficient (L/gS)
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¢y sectlon, lift coefficient (1/qc)
Cp drag coefficient (D/q3)
Cp, profile-drag coefficient (D, /qs)
Com pitching-moment o¢effioient (M'/qSc')
R Reynolds number {p¥a’/fu)
M Mach number (V/a)
o] free-stream dynamic pressure (%pVé)
o] mass density of ailr
v Ivelocity of air in free strean
L Lift
1 section lift
D total dfag of wing
Ib ‘ profile drag
M' pitching moment sbout gquarter-chord line
S wing area
A

.c' mesn aerodynamic chord Jr
c local chord
h'g distance fiom plane of symmetry

wing span
B coefficient of viscosity
a velocity of sound

o angle of attack of wing root chord, degrees
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Cg root chord R

Cy - construction tip chord C e ) . - = R
€ twist at construction tip

Subscripts:

min minimum

max maximam

(L =0) at zero lift
WINGS

Seven wings of NACA 4i-gerieés sections with sspect ratlos of 8,
10, and 12 and taper ratios of 2.5 and 3.5 were investigated. The
winge had stralght tepered plan forms with parabolic tips extending
over the outer 5 percent of the semispan. There was neither dihedrsl
nor sweep; that is, the quartér-chord line was porpendicular to the
plane of- symmetry. A typical wing layout is shown in figure 1.

Six of the wings were constructed to have a ratlo of span to
root thickness of 35 with the root thickness-chord ratio varying
between 0.147 and 0.24k; the seventh wing had a ratio of span to root
thickness of 23.3 with a root thicknesa-chord ratlo of 0.2k. The
tip thickness-chord ratio was 0.12 for all wings. Dimensional date
for the wings are summarized in table I. The demignation for the wings
1s formed from numbers representing, consecutively, the taper ratio,
aspect ratio, NACA alrfoll series, and root thiclknese in percent chard.
For example, in the designation 2.5~8-4k,16, the firat number "2.5"
reopresents the taper ratio, the numbey following the First dash "8"
represents the aspect ratio (approx.), the number following the seccnd
dash "B4" represents the NACA airfoil series, snd the final number "16"
represents the root thickness in percent chord.

The wings were twisted to improve the stalling characteristics.
For the wings of taper ratic 2.5, twist-was introduced ito give a
C,-margin of epproximately 0.1 at the 0.7 semispan station when Clmex
was reached at some inboard wing section. (See references 1l ani 2.)
For the wings of taper ratio 3.5, calculaticns indicated that the
washout necessary to provide this ¢y -margin would cause excesaive

induced drag. The twist was therefore limited to 3O for this group
of wings.
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The wings were constructed of laminated meshogany and were .
finished with lacquer. Two surface conditions were provided for
testing. For the smooth-model condition, the wings were sanded
to en asrodynemlcally smooth finlsh. In order to simulste a rough-
model condition, a leading-edge roughness similsr to that established
by the Langley two-dimensional low-turbulence pressure tunnel was
used.. The roughness was obtained by application of No. 60 (0 .0ll-inch
diamster) carborundum grains to a thin layer of. shellac along the
complete span over s surface length of 8 percent chord measured
from the leading edge on both upper and lower surtaces. The grains
were intended to cover 5 to 10 percent of the affected area. Some
difficulty was encountered, however, in obtaining the same density
of the grains for all wings. The roughness on the 2.5-8-kk 2L
wing was lighter then on the other wings and the aerodynamic charac-
teristics of this wing are believed to be somewhat beitter than would
be obtained with the deslred roughness.

 METHODS

Tests

The tests were conducted in the Langley 19-foot. pressure tunnel
with the wings mounted as shown in figure 2. For all tests the air
in the tunnel was compressed to a denslty of approximately 0.0055 slug
‘per cubic foot. The tests were made at several values of Reynolds QATMIS
numher between L.5 X 106 and 7.0 X 10¥. The Mach number range was
from 0.06 to 0.25. The relation of Mach number to Reynolds number
is given in figure 3. The relation of Mach number to Reynolds
number varied from wing to wing because the change in aspect ratio
was accomplished by changing the chord while the span constent was
held constent.

Measurements of 1lift, drag, and pitching moment were made over
an angle-of-attack range from -4° through the angle of stall. Profile-~
drag measurements were made by wake surveys at 2§ spanwise stations
at several angles of attack covering a lift-coefficient range from O
to 1.0. Flow separation on the smooth wings was studled by means
of wool tufts placed at 20, 4O, 60, 80, end 90 percent of the chord
and spaced 6 inches spanwise on the upper surface of the wing. No
studies were made of the flow separation on the rough wing.

Corresctions for support tare and interference have been applled
to all force-test date. dJet-boundary and air-flow-misalinement
corrections have been applied to the engle of attack and drag -
coefficient. '
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Calculations

The characteristics of the wings were calculated from two-
dimensional airfoil data by the lifting-line theory. The required
alrfoll section characteristics at=appropriate Reynolds numbers were
obtained from unpublished date from the Lengley two-dimensional low-
turbulence pressure tunnel. These section dats were obtained at a
Mach nurber not exceeding 0.17, so that compressibility effects are
believed to be negligible. The section data for the rough conditions
were obtained for two sizes of carborundum greins so that the eoffect
of the veriation of relative grain size across the span of the tapered
wings could be teken into acccunt in the calculations for the wings
with leading-edge roughness. Lift and induced drag charscteristics
were determined by a generallized application of the lifting-line
theory which allows the use of-nonlinear section 1lift curves and by
the usual application which assumes lineer 1ift curves. A corroction
to the lifting-line theory for the effect of chord of a finite-
span wing was made by applying the edge-velocity factor given in
roference 3. The profile-drag and pitching-moment coefficients were
obtalned by using section coefficlents at the corresponding section
1ift coefficients and integrating the loadings across the span.

The procedure by which the wing characteristics were computed is
given in detail in reference 4. For the sake of brevity, the two
applications of the theory mentioned previously are hereinafter
referred to as the "generalized method” and the "linearized method".

Aerodynamic cheracteristice for the wings of taper ratio 2.5
were calculated by both the generalized and linearized methods for
the smooth-model condition and by the generalized method for the
rough-model conditipn. For the wings of taper ratio 3.5, the
characteristics were calculated only for the smooth-model condition
by the generalized method.

RESULTS AND DISCUSSION
Comparison of Experimental end

Calculated Characteristics

The experimental and calculated 1ift, drag, and pitching-moment
characteristics for the wings of teper ratio 2.5 snd 3.5 are presented
in figures 4 to 10 for the emooth-model condition. The experimental
and calculated 11ift and drag cheracteristics for the wings of taper
ratic 2.5 are given in figures 11 to 1% for the rougk-model conditicn.
Some of the importent results of the compariesons are summarized in
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tables IT and III. For better accuracy, the experimentel values
of maximm lift-drag ratio (L/D) given in those tables were

read from faired curves of (L /D) againat ‘Reynold.s nubexr.

Typlicael calculated spanwise distributions of sectlon 1ift coofficients

et the predicted maximum 1lift, for estimating stall characteristics,
are given in figure 15. IXxperimental stall characteristics derived

Prom tuft studies aro shown in figures 16 and 17 for all smooth wings.

In the linear 1lift-curve renge, the cheractsristics calculated
by eilther the generalized or the linsarlzed method would be expected
to be the same. Differences in lift-curve slope and induced-drag
coefficlents were obtained, however, and are attributed to inaccuracles

.in computing that arose in readlng, falring, and integrating plotted

curves.

Dres. - A compaerison of the calculated and exporimental total-
drag curves for the smooth wings (fige. 4 to 10) shows that good

. agreement was obtalned at low 1ift coefficients. Less satisfactory

agreement was obtained at higher 11ft coefficients wherse the calculated
érag was generally lower then the experimental drag. This effect was
most pronounced for wings.of aspect ratio 8. As would be expected,

the same results are shown in a comparison of -the calculated and
experimentel profile-drag coefficients. (Force-test proflile-drag
coefficieonts were determined by subtracting the induced drag cooef-
Ticlents obtalned by calculation from the total drag cocefficients
meesured by force tests.) The test values deteimined by wake surveyse,
however, ars in excellent sgreement with the calculated values. Possible
reasons for discrepancy between force-test profile drag and calculated
and weke-survey draeg are (1) errors in corvections for support tare,
interfercnce, and stream misalinement, {2) inaccurascies in calculating
induced drag and (3) inaccuracies in evaluating the drag at the wing
tip from sectlon dets or wake surveys.

Generally speeking, the agrcement between calculated and experi=~
mental dreg for the rough condition (figs. 11 to 14) was sbout the seme
ag for the smooth condition but was less consistent. In addition to the
sources of errors menticoned before, erxrors in profile dreg for the rough

. condltion can essily asrise from (ls ineccuraete simulation of desired

roughness in the wing tests and (2) inaccuracies in accounting for grain
size in the calculations. These errors would also influence the
1ift characteristics. ' ‘

For wings of the type investigated, the value of (L./D) is &

pradominant factor in determining the optimum design. As indicated
in tebles II and IXI, the calculated values of (I/D) were, for the

case giving the grestest descrepancy, within 7 percent of the experimentsl
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values. From the preceding discussion of possible errcrs in the
determination of drag, even this largest difference between calculeted
and experimental (L/D)_ - _ appears reasonsble. .

Lift.- The differences between the values of maximum 1ift -
coefficient—CL obtained from tests and from calculation by the

generalized method (tebles IT and IIT) ranged from 0.02 to 0.08 with
an average difference of about 0.04k. The calculated wvalues were
generally lower than the experimental velues. The maximum 1lift
coefficients calculated by the linearized method are from O to 0.1k
lower than the. corresponding test values with an average difference
of about 0.07. The maximum 1ift coefficient calculated by the
linearized method is-the wing 1ift coefficient at which some section
first reached maximum 1ift. The generalized method of calculation
predicts the rounded 1lift curve peaks as were ohtained by test in
contrast to the straight curves predicted by the linearized method.

. The agreemsnt between experimental apd calculated lift-curve
slopes at low angles of attack (tables II.end TII) is not altogether
satisfactory. The correlation is good for the wings of aspect ratio 8.
For the other wings, the calculated values were ag much as 4 percent
lower then the experimentel values in soms cases. Aside Tram experi-
mental and computing errors, discrepencies may be due to the limi-
tations of the edge-velocity factor in correcting for the sffect of
the chord in three-dimensional flow. The agresment between experi-
mentel and calculated angles of zero 1lift is excellent.

Pitching moment.- At zero lift the agreement between the

- experimental and celculated pitching-moment coefficicnte and momont-
curve slopes is generaslly good. (Sec teble IT.) At highor lifts,
however, the experimental pitching-moment curves show larger
Increases in slops then the calculated curves. (See figs. 4 to 10.)}

Stalling characteristics.~ in order to obtain an indication of
the stalling characteristics of the wings, an analysis of the type

outlined in references 1l amd 2 was made by comparing the predicted
distribution of section 1ift coefficlents at meximum 1{ft with tho
variation of section maximum 1ift across the span. A comparison of
this type for the 2.5-10-4%,20 and 3.5-10-44,18.4 wings is shown

in figare 15. On the basis of the curves calculated by the genoralized
method, the maximum section lift coefficients for these wings appear
to be reached simultaneocusly over most of the span. The corresponding
tufv surveys (figs. 16 and 17), which show trailing-edge separation

or intermittent swparation over approximately the seme part nf the
Span, are accordingly in general agreement with the calculations;
however, a more quantitative discussion of the agreement is not
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possible in the sbsence of an experimental span load distributicn and

& correlaticn between section 1ift coefficient and tuft behavior.

The difference between the two calculated curves of figure 15(a)

is sufficiently great to affect seriously any prediction of stalling
characteristica. For this wing the generalizsd method predicts the
maximum sectlon 1ift coefficlents to be reached simultaneocusly over
most of the span, whereas the linearized method indicates & ccnsiderable
margin of safety at the outboard secticng when the inboard secticns
have reached merimum 1ift.

The comparison indicateé that the criterion of a -cy-margin

of C.l at the 0.7 semispan station, which appeers to be satisfied on
the basis of the linearized method, is not actuslly attained if 1t is
to be assumed that the generalized msthod is more correct. If the
margin cf 0.1 is necessary for good lateral stability and contrecl,

the stalling characteristics of the wing would be unsatisfactory
according to the generalized methcd. On the basis of the tuft surveys
alone, the stalling of these wings might be considered satisfactory
gince 1t 18 gradusl and characterized by initial rcughness and
separation near the center and by falr £icw at ma.xim:.:m lift.

Rewarks.~ Although calculated force end moment characteristics
show some variations with respect to the experimentsl characteristics,
the agreemsnt is reasoneble and is believed tc be close enough to
warrent their use in design., For calculating characteristics at high
lifts, the method besed on ncnlinear section 1ift curves was more
accurate then the method based ¢n linsar 1ift curves, The resulits of
the investigation indicate the need for more accurate methcds for
pred.icting flew separaticn oo a wing. .

Effects of Aspect Ratlio, Taper Ratlo,
and Root Thlckness=-Chord Ratio

The experimental cheracteristics of the wlngs are compared
in figures 18 and 19. Calculated profile-drag coefficients are
presented in figure £C. Thé variations of (L/D)p., with aspect

ratio are shown in figure 21. The experimental variations of -CLmax
and (L/D) max Vith Reynclds number are’ given in figure 22. In the

following discusslon the wings are compared at an essentlally constant
value of Reynclds muber of approximately 3.9 X 100. Although data
included in table IT ang figure 18(a) are for a Reynclds nvmber
different from 3.9 X 10°, the campsriscns shown by these data are
esgentially the seame as fo:c- a Reynolds number of 3.9 X 106,
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Drag.- The dreg curves for the smooth wings (fig. 18) show the
characterigtic decrease in drag with incrcass in espect ratio at
modereta 1ift coefficlents even though the profile dreg was increased
by the thicker root sections of the higher-aspect-ratlio wings.
Similar variations wers obtained in the rough condition for the winga
of taper ratio 3.5 and for wings of taper ratio 2.5 with agpect
ratios 8 end 10. (See fig. 19.) Thke wing of aspect ratio 12 and
taper ratio 2.5 had higher dregs, however, than the wing of aspect
ratio 10 except near the C. for (L/D)max vhere the drags of the two

wings were equal. The calculated data in figure 20 indicate that
thls effect 18 sssociated with the relatively large profile drag of
the thicker root sections of the high-aspect-ratio wings in the rough
condition. :

The seme variations in drag with aspect ratio are shown by
oonslderation of the values of (L/D)max in Tigure 21. TFor the wings

of taper raitio 2.5, both experimsntal and calculated values
of (L/D) for the smooth condition increased with increasing aspect

ratio throughout the range of asspect ratios investigated but the values
for the rough condition indicated no gain in (1./D) when the aspect

ratlo is incressed from 10 to 12. For the wings of teper ratio 3.5,
the values of (L/D)max for both the emooth and rough conditions increased

with increesing esspect ratio. Iigure 21 also indlcates that the
harmful effects of roughness on (L/D)max cen readily exceed the

beneflcial effects of increasing aspect ratio in this renge; 1t may
be noted, howover, that the roughness was somewhat extreme. Generally,
there was little difference in (L/D)max for corresponding wings of

taper ratio 2.5 and 3.5 in the smooth condition but in the rough
condition the values of (L/D)max for the wings of taper ratio 3.5 were

consistently higher than these for the wings of teper ratio 2.5. This
difference was probably due to the larger effect of roughness on the
thicker sections of the wings of 2.5 taper ratlo. The data in figurs 22
indicated that Reynolds number generally head 1little effect on

the (L/D)max of the smooth wings end that increasing the Reynolds

number increased the (L/D) _ of the rough wings.

Lift.~ For both smooth and rough conditions, the meximum 1ifd
coefficients of the wings with a ratio of span to root thickness of 35
decreased with increasing aspect ratio. An apparont decrease in CL

max.
due to aspect ratioc alone 1s noted by a comparison of wings 2.5-8-hk,24
and 2.5-12-44,24 (fig. 22) but this decrease was probebly due to the
fact that, when the two wings were at the same Reynolds number, the
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wing of aspsct ratio 12 was at the higher Mach number. The wings
of taper ratio 3.5 had higher values of Cp than d1d the wings of
max '
taper ratio 2.5 but the difference wes usually negligible. The
meximum 1ift coefficients increased with Reynolds number over most
of the renge. At the upper end of the range, the value of CL _
: max
for some of the wings decreased, probably because of compressibility
effects.

The lift-curve slope acL/aa for the smooth wings shows the

characteristic increase with Incressing aspect-ratio (teble II).
For the rough wings (teble III), the 1ift curves show little change

in slope as_a result of the large adverse eifects. of_ section thickness
ratio. _ ' _—
Stell characteristics.- The results of the stall studies in
figures 16 and 17 show that a1l the wings have similer stall patterns.
Separation of flow Pegan at the tralling edge near the root and o
gradually progressed forward and outwerd until, at C; , 30 1o Lo percent
max '
of the wing was stolled. The effects on stall characteristics of
increasing the taper ratio from 2.5 to 3.5 wers very emall.

CONCLUSIONS

The aesrodynemlc characteristics of ssven unswept tepered wings
were determined by calculation Ffrom two-dimensional date and by
wind-tunnel tests in order to demonstrate the accuracy of the calcul-
ations and to show some of the effects of aspect ratlio, taper ratio,
and root thickness-chord ratio. On the basls of comparisons made
at squal values of Reynolds number, the fcllowing concluslong are
shown:

1. Reasonable agrecment was obtaeined between calculated and
experimental wing ,force and moment cheracteristics. The method
of calculation which allowed the use of nonlinesr section 1lIft curves
gave better agreement with experiment et high angleca of atteck than
did the method which assumed linear lift curves. The two methods of
calculation gave different spenwise 1ift distributions at maximum 1ift.

2. The values of maximwm lift-drag ratio (L/D) of the smooth

wings incressed with increasing aspect ratio throughout the rangs
investigated in spite of the increased drag of the thicker root sections
associated with ths higher aspect ratios. The values of (L/D)max
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for the rough wings of taper ratic 3.5 Indicated the seme trend;
however, the values for the wings of taper ratio 2.5 showed no gain
when the aspect ratio was increased from 10 to 12, apperently because
of the larger increment of profile drag duwe to roughness on the
thicker root sections of the wing of aspect ratio 12. The decrement
in (L/D)max due to roughnsess was considerably greater than the

increment due to changing the aspect ratio through the entire range
Investigated.

3. The maximum 1lift coefficlients decrsased with incrsasing
aspect ratio meinly because of the associated increasc in.root
thickness ~chord ratio. : :

Langley Memorial Aeronautical lLeboratory
National Advisory Committee for Aeronesmtics.
Lengley Field, Va., November 25, 1946
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Figure 2.- Wing mounted in Langley 19-foot pressure tunnel.
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Figure b.~ Experimental and calculated characteristics of wing 2.5-10-44,20 with smooth

leading edge. R = 8.49 x 106.

BG "3

04gT "ON N.L. VOVN




004

028

024

020

016

Experimental (force tests) —

Experimental (wake aurvey) ——|

Calculated (generalized and ——
linearized methods)

YA
[V

i

olz

.>§/ |

008

!

/
!
"

" ——

NATIONAL ADVISORY

COMMITT

'EE FOR AERONAUTICS. |

(b) C_. =against C_.

D L

o]

Figure 5.- Concluded,

1.0

1.2 14

16

0431 "ON NI VOVN

ag "S1d



Bg '31d

/4
12 o G5 ; ‘
/0/ /:/‘“7\_____ Expertmental __ | .4}
g/ﬂ . \ Caloulated )
1.0 A ;“ q {genoralized mathod)._,
é / N Calcnlated !
x 1 (linearized meihed)
A ] Faperimental A4
8 [*~1—~Caloulated {genernlired method) . g? #
q_ j’ ~l.—Calculated {1inearized method) ?
5 75 R’

2
!
0, I
g g{ NATDJMA;.MRV G
COMMITTEE TICS
o § CL 11T g
0 02 04 06 08 10 12 J4 -4 0 4 8 12 (6 N, -4

o
% @ Crm

(a) CL against CD’ a, and Cm.

Figure 6,- Experimental and calculated characteristics of wing 2.5-12-44,24 with smooth
leading edge. R = 2.87 x 106-
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Figure 7.- Experimental and calculated characteristies of wing 2.5-8-44,24 with smooth
leading edge. R = 4.32 x 105,
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Figure 9.~ The experiments] and calculated characteristics of wing 3.5-10-44,18.4 with smooth
leading edge. R = 4.0 x 105,
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smooth leading edge. R =4.0x 108.
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Figure 12.- Experimental and calculated characteristics of wing 2.5-10-44,20 with rough
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TABIE I.~ GEOMETRIC CHARACTERISTICS OF WINGS

NACA airfoil

M.AC.

Wing Taper Aspect Span Area Geometric
ratio ratio Root Tip (£t) (sq £t) | (£t) washout
gection | section ' (deg)
2.5-8-44,16 2.5 8.0k hh16 4h12 15 27.994 1.990 k.5
2.5-10-4k,20 2.5 10.05 420 Ly12 15 22.393 1.592 3.5
2.5-12-44 24 2.5 .12.06 L2k k12 15 18.661 1.328 3.0
2.5-8-4%,24 2.5 8.04 L2l b2 15 27.994 1.990 2.4
3.5-8-Uk 14.7 3.5 8.03 k.7 | W42 15 £8.021 2.070 3.0
3.5-10-14,18.4 3.5 10.04 4418.% | M2 15 22.418 1.656 3.0
3.5-12-h4 22.1 3.5 12.06 Lo, | k2 15 18.656 1.38 3.0
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TABLE II.— GALGCULATED AND EXPERTMENTAL CEARACTERISTICS OF WINGS WITH SMOOTH LEADING EDGE

¥

Cp *(1m0)
min (L/b}max (deg)
Calculated Calculsted Calculated
Wing R oo Experi- a Experi Experi-
Genersl-| Lineer- | mental | General-|Linear-| Zental|generst |Linear- mental
ized ized fzed ized 1zed ized
2.5-8-4%,16 5, 13;2 x 108]0.0080 }0.0081 |o0.00 29.4 | 28.8 «2,9 | -2.8 -2.9
2,5-10-44,20 .008 .0085 | 00831 32.0 } 31.1 ~3.0 | -2.9 -3.2
2.5-12-hi 24 2 87 L0088 .0087 .0091 32.6 32.6 - 3.0 -3.1 -3,2
2,5-8-44 58 5,32 0084 | .oo8% | .0081| 28.0 | 27.6 d -3 -3.2 -3.2
3.5-8-42 15.7 14,00 0076 1~---ws | L00TH | 208 | ---- ] 29,5 | _3.6 -3.3
3.5-10-44,18.% | #.00 0080 |- --<-- } .0082| 32,4 | -~--f 31,1 [-3.4 —--- -3.5
3.5-12-44,22.1 | 4200 0081 |------ 0088 [ 339 | ----| 3300 |Z3.3 - -3.5
ac
L ac C
Lo chex G%) "(1=0)
) (L=0)
Wing - R Cslecu- Calcu~
¢ to 1 ted 1ated 1ated
aleculated Experi- Cslculate . Experi- i
General-| Linear- | mental |Genersl-| Linear-| mentsl | Gsneral-| mental |General- fmental
ized ized 1zed ized izged ized
2.5-8-44 16 h.ﬁe x 108]0. 0823 0.0813 0 0820 .48 | 1,42 | 1.54 0,007 j0.012 |-0,093 []-0.099
2.5-10-44,20 | 3.k .082 .082 0860 | 141 ] 1.36 | 1.53 .006 o -.087 | -.0%5
5.5-12-44 28 2.87 084 .08 .0870 1.31 1,26 1,27 016 | 021 -.085 EZ
2.5-8-b4 54 3,32 0795 | .oT 0795 1.25 1.30 | 1.37 013 | 021 | -.083
3.5-8-48714 7 {34.00 L0810 [------ L0812 | 1,47 | ---- | 1.5% 008 | ,011 ge .
3 5 ~10- h‘i‘ 18 4 4'00 40833 """" 0852 1-43 — = 1- 5 .008 -020 -.0 9 '-Og
3.5-12-44) ,22.1 | 4,00 0852 |------ .0870 1.37 | --~-- 1.33 0151 .015 -,085 -,038
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TABLE. II1,~ CALOULATED AND EXPERIMENTAL CHARACTERIBTICS OF WINGS WITH ROUGE LEADING EDGE

a ac
(1/D) Le0 L c
cDmin ok max. ( rSsg) ) da Lo
Wing R Calou- Celecu- Calou-~ Calou- Calcu-
lated Experi-| lated Experl- | lated Experl. | lated Experi- | lsted Exper)-
(gener- | mental | (gener- | mental | (gener- | mentsl | (genor-| mentel | (gener- |mental
allzed) allzed) alized) alixzed) allzed)
2.5-8-44 16 3.90x106 | 0.0129} 0,0135] 22.8 21,6 -2.7 -£.6 0,0778 | 0.0T7% 1.18 3:..22
215"10"“‘4,2’0 3!90 10137 l0133 23'9 23l6 _2-6 _208 OOT& |0796 1-03 1-08
2.5-12-U44 24 3.90 0185 Lotie]| 22.5 23.6 -2.5 -2.6 .0763 L0792 .08’ .89
2.5-8-44,2k 3.90 .0137| .0126) 20.3 20.5 -2.6 -2.7 L0701 0732 .01 .09
3.5-8-34,1%.7 | $.00 -] ,0112) ---- 23,0 === | =32 |- 0785 | e 1.26
3.5-10-44 18,5 | %.00 il 0122 -~ -a 24 7 —_———— -3.2 el 0790 -----1 .10
3.5-12-44 22,1 | 8,00 | ----- 0130 -~ - 25.6 — -3.1 | ----- 0795 —eeme | 99
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Figure 1.- Layout of typical iapered wing.
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Fgure 18.- Effect of variations in aspect ratio and root thickness-chord ratioc on
characteristics of wings with smooth leading edge.
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Figure 18.- Concluded.
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Figure 19.- Effect of variations in aspect ratio and root thickness~chord ratio on
characteristics of wings with rough leading edge.
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